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Abstract
We investigated the thermal diffusion behavior of aqueous solutions of monosaccharides
with the infrared thermal diffusion forced Rayleigh scattering (IR-TDFRS) setup. As monosac-
charides we studied the three aldohexoses glucose, galactose, mannose and the two ketohex-
oses sorbose and fructose. All sugars have the same molecular weight but their structure differs
as well as some physical properties such as viscosity, density, thermal expansion coefficient
and optical rotation. Additionally, we measured the viscosity and the optical rotation of the
monosaccharides solutions in the investigated temperature and concentration range. While
there is a clear correlation between the structure and the thermal diffusion behavior for alka-
nes, the situation is much more complicated for the monosaccharides. Nevertheless, as in the
case of the alkanes we find a correlation between the thermal diffusion coefficient with the
ratio of the thermal expansion coefficient and the kinematic viscosity. We discuss the physical
principles, which connect the thermal diffusion behavior with other thermophysical properties
and the structure of the different sugars.
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Introduction
The understanding of non-equilibrium properties becomes more and more important in the context
of biological processes.1–4 One of the still not understood non-equilibrium phenomenon is the ther-
mal diffusion. This process occurs, when an initially homogeneous binary mixture is exposed to a
temperature gradient. Due to the temperature gradient a mass flow is initiated. This effect is also
known as Ludwig-Soret effect. The achieved concentration change in a certain temperature gradi-
ent in binary mixtures is described by the Soret coefficient ST = DT/D, which can be expressed as
the ratio between the thermal diffusion coefficient, DT, and the mass diffusion coefficient, D.
In the last years many attempts have been made in order to explain the mechanisms of the ther-
mal diffusion process in binary liquid mixtures. The governing coefficients have been correlated
with some physical properties such as density,5 molecular weight,6 moment of inertia,7 viscosity,8
2
thermal expansion,8 molecular structure9 and also chemical interactions.10 Different combinations
have been used to predict the thermal transport coefficients. During the last decade, the interest
of studying the Soret effect has increased covering a wide range of research fields like energy,11
biology12–14 or oil industry15–17 among others.
To the best of our knowledge there is no report in the literature about the thermal diffusion
transport properties in monosaccharide-water mixtures. There has only been a study in which the
Soret coefficient of the polysaccharide dextran18 in water has been investigated. They found that
the sign change of Soret coefficient could be influenced by adding urea, which opens the hydrogen
bonds in a similar manner as an increase of the temperature. Furthermore, monosaccharides are
an interesting system class because they allow a systematic shape variation without changing the
molar mass, as it is also the case for alkane isomers. In order to discuss structural changes we show
the investigated sugars in the open chain form as Fischer projection in Figure 1, although the ring
forms are more probable. In contrast to the alkanes the variation in the structure influences their
capability to form hydrogen bonds which is reflected by large differences in their solubilities.19
Additionally, they are of fundamental interest in biological systems.
Carbohydrates are the most abundant group of natural products. They are our main source of
energy. The building blocks of all carbohydrates are sugars and they can be classified according to
how many sugar units are combined in one molecule. Monosaccharides, also called simple sugars,
are the most basic chemical unit of carbohydrates. In this paper we study a series of hexoses in
water: three aldohexoses (glucose, mannose and galactose), and two ketohexoses (fructose and
sorbose).
There are two anomeric configurations of sugars: α and β -form, according to the stereochem-
ical relationship between the anomeric center (typically the carbon next to the oxygen) and the
configuration of the most distant stereogenic center. In water exists an equilibrium of different
forms such as furanose and pyranose, which are rings with 5 or 6 carbon atoms, respectively. For
instance, 67.5% of fructose builds the β -pyranosid, 31.5% the β -furanosid form and three other
forms exist only with a very low probability. In the case of glucose, the distribution is 38% of
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α-glucopyranose and 62% of β -glucopyranose, while the content of glucofuranose is below 1%.20
The main objective is to study the effect of the molecular structure on the transport properties,
as it has been done in the case of branched alkanes.9 The results of mass and thermal diffusion and
Soret coefficients are presented as function of temperature, mass concentration of sugar and the
composition of the monosaccharides.
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Figure 1: Fisher projection of the chemical structure of investigated monosaccharides. The num-
bers identify the different carbon atoms.
Experimental section
Infrared Thermal Diffusion Forced Rayleigh Scattering
As experimental method we used the infrared thermal diffusion forced Rayleigh scattering (IR-
TDFRS) set-up.21 The advantage of this setup is that no dye is needed to convert the light energy
into heat energy as in the classical TDFRS technique.22–25
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In our IR-TDFRS experiment, the beam of an infrared laser (λw=980 nm) is split into two writ-
ing beams of equal intensity which interfere in the sample cell (see Ref.21 for a detailed description
of the method). Due to a weak absorption band of water around 980 nm the intensity grating is
converted into a temperature grating, which in turn causes a concentration grating by the effect of
thermal diffusion. Both gratings contribute to a combined refractive index grating, which is read
out by Bragg diffraction of a third laser beam with a wavelength of λr=633 nm.
A detailed description of the TDFRS technique can be found in the following references.21,26,27
The normalized heterodyne intensity ζhet (t) is given by
ζhet (t) = 1+ (∂n/∂c)p,T
(∂c/∂T )p,c
STc(1− c)
(
1− e−q
2Dt
)
(1)
where c is the mass concentration, q is the grating vector, whose absolute value is determined by
the angle θ between the two writing beams at the wavelength λw by
q =
4pi
λw
sin
θ
2
(2)
For the determination of the transport coefficients, Eq.(1) is fitted to the measured heterodyne
signal using the independently measured contrast factors (∂n/∂c)p,T and (∂n/∂T )p,c.
Materials and Equipment
D-(+)-glucose (99.5%), D-(+)-mannose (≥99%), D-(+)-galactose (≥99%, <0.1% glucose), D-
(–)-fructose (≥99%, <0.05% glucose) and L-(–)-sorbose (≥98%) were purchased from Sigma-
Aldrich. Figure 1 shows the chemical structure of the investigated sugar molecules. We used
deionized water from a Millipore Millipak R© filter unit (0.22 µm).
The mass concentrations of the components have been prepared by weighing with a Mettler
Toledo XP504 digital scale with an accuracy of 0.0001 g. Approximately 2 ml of the prepared
solutions were filtered through 0.45 µm filter (Spartam 13/0.45 RC) before filling them into an
optical quartz cell (Hellma) with an optical path length of 0.2 mm. At least three measurements
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Table 1: Thermophysical properties of sugar/water mixtures
sugar
sugar temper- ∂n/∂c ∂n/∂T thermal mixture kinematic optical
weight ature expansion density viscosity rotation
fraction c T /◦C /10−4 K−1 α/10−4 K−1 ρ/gcm−3 ν/cSt [α]50 / [◦]
D-fructose 2/3 50 0.223 -2.70 6.01 1.30267 13.264
D-mannose 2/3 50 0.226 -2.16 4.58 1.30437 14.697
D-glucose 2/3 50 0.224 -2.13 4.52 1.30143 16.981
D-glucose 1/2 50 0.197 -2.06 4.77 1.20844 3.370
D-glucose 1/5 20 0.164 -1.24 2.86 1.07985 1.761
D-glucose 1/5 30 0.163 -1.49 3.58 1.07635 1.363
D-glucose 1/5 40 0.161 -1.64 4.24 1.07217 1.091
D-glucose 1/5 50 0.160 -1.84 4.66 1.06745 0.875 +22.4
D-fructose 1/5 50 0.157 -1.97 5.11 1.06793 0.846 -31.8
D-mannose 1/5 50 0.162 -1.86 4.71 1.06820 0.851 +5.8
D-galactose 1/5 50 0.162 -1.91 4.85 1.06926 0.864 +30.9
L-sorbose 1/5 50 0.155 -1.91 4.91 1.06683 0.857 -17.6
with different cells and freshly prepared samples were done for each binary system.
A Tamson TV2000 AKV viscometer has been used to determine the kinematic viscosity of the
mixtures. The temperature stability is ∆T =±0.01 K. The time can be measured with an accuracy
of ∆t = 0.01 s. Two different Ubbelohde capillaries have been used to measure the viscosities of
the mixtures with sugar mass fractions of c = 0.2000 and c = 0.6667 at 50 ◦C. The first capil-
lary has been calibrated with Millipore water at 50 ◦C, where water has a dynamic viscosity of
η=0.5470 mPas.28 The density of water29 at 50 ◦C (ρ=0.99803 g·cm−3) is used to convert the
kinematic viscosity, ν , into the dynamic viscosity, η=ν· ρ . The constant of the second capillary
was determined with a viscosity standard from Brookfield with a nominal dynamic viscosity of
η = 4.9 mPas at 25 ◦C. We assumed that the constant of this second capillary does not change
considerably with temperature when it is used at 50 ◦C. Each viscosity measurement was repeated
at least 8 times. The obtained averaged kinematic viscosities are presented in Table 1.
An Anton Paar DMA 4500 densimeter has been used to determine the density, ρ , and thermal
expansion coefficient, α , of the mixtures. The densimeter has an accuracy of ∆ρ = ±0.00001
g·cm−3 and a temperature control of ∆T =±0.01 K.
An Anton Paar RXA 156 refractometer has been used to measure the refractive index incre-
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ments with the mass concentration (∂n/∂c). The accuracy is of ∆n = 0.00003 with a temperature
control of ∆T =±0.01 K. For each sugar solution we measured the refractive index of five differ-
ent concentrations around the desired concentration. Linear interpolation of the data provides the
slope (∂n/∂c). The refractive index increments with temperature (∂n/∂T ) have been determined
with a Michelson interferometer,30 in a temperature range of 2 K above and below the temperature
of interest. For all investigated temperatures and concentrations we find a linear dependence of the
refractive index versus concentration and temperature, respectively.
The optical rotation of the mixtures has been measured by means of a Jasco P-2000 polarimeter.
The temperature stability is of ∆T =±0.1 K, and the angular resolution is ∆α = 0.0001◦. The cell
is 10 cm long and its volume is approximately 1 cm3. All solutions were prepared at least 1-2 days
before the measurement so that the optical rotation was in equilibrium. The determined values
are listed in Table 1, along with the results of the refractive index increments, thermal expansion
coefficients, densities, optical rotations and viscosities.
Results and Discussions
Table 2: Thermal diffusion, mass diffusion and Soret coefficients of sugar/water mixtures
sugar sugar mass temperature ST D DT
concentration /◦C /10−3 K−1 /10−10 m2s−1 /10−13 m2s−1K−1
D-fructose 2/3 50 2.47±0.02 2.60±0.04 6.43±0.09
D-mannose 2/3 50 1.54±0.01 2.65±0.03 4.08±0.04
D-glucose 2/3 50 0.84±0.01 2.57±0.09 2.16±0.07
D-glucose 1/2 50 2.26±0.01 5.08±0.14 11.5±0.30
D-glucose 1/5 20 1.10±0.02 4.30±0.16 4.73±0.21
D-glucose 1/5 30 2.08±0.02 5.69±0.14 11.8±0.31
D-glucose 1/5 40 2.71±0.02 7.36±0.14 20.0±0.41
D-glucose 1/5 50 3.26±0.05 9.24±0.28 29.9±0.69
D-fructose 1/5 50 4.99±0.01 9.60±0.07 47.9±0.36
D-mannose 1/5 50 3.77±0.02 9.26±0.30 34.9±1.18
D-galactose 1/5 50 4.18±0.03 9.10±0.24 38.1±1.04
L-sorbose 1/5 50 4.43±0.01 9.29±0.20 41.1±0.94
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Influence of sugar structure and physical properties
Aqueous solutions of five different monosaccharides have been studied at a sugar weight fraction
of c = 0.2 and at 50 ◦C. Additionally, three of them have been studied at a sugar weight fraction of
c = 0.6667 and the same temperature. The values of thermal diffusion, mass diffusion and Soret
coefficients are listed in Table 2.
The mass diffusion coefficient, D, at a weight fraction of c = 0.2 at 50 ◦C is for all five sug-
ars within the error bars identical. The same behavior can be observed for a weight fraction of
c = 0.6667. Therefore, we conclude that the mass diffusion coefficient is independent of the
monosaccharide structure, and remains constant for a certain temperature and concentration. As
explained in the introduction the different sugars form different tautomers, where the ratio de-
pends on the monosaccharide and varies if the solvent or the temperature is changed.31,32 Hence,
the thermal properties presented in this study, as a matter of fact, are the average value of different
stereoisomers that coexist in equilibrium.
The Soret coefficient is larger for ketohexoses (fructose and sorbose) than for aldohexoses
(glucose, mannose and galactose). If the carbonyl group is in the head or tail position of the open
chain tautomer, the Soret coefficient is smaller compared to a location within the chain. Due to
equal masses of all sugars and also roughly the same hydrodynamic volume, which is reflected by
the same diffusion coefficient, we assume that the Soret coefficient changes because of the variation
in the molecular structure of the monosaccharides. The position and location of the chiral centers,
which are related to the optical rotation, might also be responsible for the thermal diffusive motion
of the sugar molecules. Looking at the Fischer projection (c.f. Figure 1), the studied aldohexoses
only differ in the hydroxyl groups of the carbon atoms C2 and C4. Apparently, in this simplified
open chain cartoon the Soret coefficient is larger when the hydroxyl groups are far apart from the
aldehyde group. Contrarily, it is just the opposite in the studied ketohexoses. Fructose and Sorbose
only differ in the hydroxyl groups of the carbon atoms C4 and C5. ST is larger if the hydroxyl
groups are in the same direction as the carbonyl group. Considering the geometry of all tautomer
forms makes the discussion even more complicated.
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There is no simple explanation based on the structure of the sugars that could explain the
observed differences in the Soret coefficient. In order to gain a better understanding of the Soret
coefficient for the different sugars it would be useful to find a correlation with other physical
properties, which might be related such as solubility, moment of inertia, ovality and dipole moment.
For instance it could be expected that the Soret coefficient becomes higher, when the solubility is
lower and the components are less compatible so that a temperature gradient might cause a larger
concentration gradient. Also the shape parameter such as the moment of inertia and ovality, which
show for other binary organic mixtures a clear correlation7,9,10 are not correlated with ST. Also the
dipole moment which is a measure for the polarity shows no systematic trend with ST.
Another property which often has been correlated with structural properties is the optical ro-
tation33,.34 Therefore, we measured the optical rotation in order to investigate whether structural
changes affect the optical rotation and the thermal diffusion behavior in a correlated way. In order
to avoid confusion we want clearly to state that we do not think that the optical rotation and the
Soret effect are physically related, but structural changes influence the optical rotation and also
the Soret coefficient. Whereas the latter depends not only on the position of the chemical groups
but also on their chemical interactions. We measured the optical rotation of the aqueous sugar
solutions with weight fraction of c = 0.2 at T = 50 ◦C. The results are shown in Table 1. A direct
comparison with literature data is difficult. Several authors35,36 measured the optical rotation of
various sugars at lower concentrations between 3 and 12% at ambient temperatures. They observed
a similar tendency in the optical rotation (c.f. inset of Figure 2).
In Figure 2 we plotted the Soret coefficient, ST as a function of the optical rotation at T = 50 ◦C.
Except for galactose the Soret coefficient decreases with increasing value of the optical rotation,
[α]50. The same trend is observed if one compares the Soret coefficients with the optical rotations
determined at ambient temperatures35,36 for lower concentrations (c.f. inset of Figure 2). Also
here, we observed for galactose the largest positive optical rotation and compared to the trend
of the other sugars a too high Soret coefficient. Among the other sugars galactose has the lowest
hydrophilicity37 and solubility. This low compatibility water might be the reason that a temperature
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gradient causes a larger concentration gradient and results in a larger Soret coefficient compared
to the other sugars. This observation indicates that the Soret coefficient of sugars compared to
alkanes requires a more sophisticated model covering the positions of the hydration site in relation
to the shape of the entire molecules.
Figure 2: Soret coefficient of sugar in water with c = 0.2 as function of the optical rotation, [α]50,
at 50 ◦C. The inset shows ST versus literature values of [α]20 determined for lower sugar contents
between 3 and 12%.35,36
The thermal diffusion, the mass diffusion and the Soret coefficient of the monosaccharides as
function of the thermal expansion coefficient of the mixtures have been plotted in Figure 3 for the
different monosaccharides in water with a weight fraction of c = 0.2 . The thermal diffusion and
the Soret coefficient decays linearly with the thermal expansivity. Especially for charged colloidal
particles in water, the role of the thermal expansion coefficient of the solvent in relation with the
thermal diffusion coefficient has been discussed experimentally and theoretically.38–40 Brenner39
pointed out that DT is correlated with the product of solvent diffusion and thermal expansion
coefficient. Due to the fact that in our case the diffusion coefficient is constant for all sugars, the
thermal expansivity of the solvent seems to be the dominant contribution. Recently, Blanco et
al. found for equimolar mixtures of normal alkanes a linear dependence of the thermal diffusion
coefficient as function of the ratio between the thermal expansion and viscosity of the mixtures.8
Surprisingly, we find a similar tendency for sugar-water mixtures with a weight fraction of c = 0.2
(c.f. Figure 4 (a)). But at higher concentrations of c = 0.6667 we find clear deviations from
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a simple linear behavior (c.f. Figure 4 (b)). The importance of the viscosity for the thermal
diffusion behavior has been discussed before for diluted polymer solutions.41 However, a direct
comparison is not possible because we worked with concentrated solutions. The physical reason
for a correlation between the thermal expansion coefficient and the thermal diffusion behavior in
liquid mixtures might be the following: the thermal expansion coefficient in liquids is dominated
by the additional place requirement of the molecules at higher temperatures and the attraction
between the molecules. If the latter is weak the thermal diffusion coefficient becomes larger.
Figure 3: Thermal diffusion, mass diffusion and Soret coefficient of different sugars in water at
50 ◦C with a weight fraction c = 0.2 as function of the thermal expansion coefficient, α of the
mixture. The solid line represents the average diffusion coefficient of the five sugars. The error
bars represent uncertainty of repeated measurements.
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Figure 4: Thermal diffusion of different monosaccharides in water with a weight fraction of c= 0.2
(a) and c = 0.6667 (b) at T = 50 ◦C as function of the ratio of the thermal expansion coefficient α
and the kinematic viscosity ν .
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Concentration and temperature dependence
Additionally, we studied the concentration dependence of the thermal diffusion behavior for the
system D-glucose/water at a mean temperature of 50 ◦C. The chosen weight fractions of c = 2/3,
c = 1/2 and c= 1/5 correspond to an exact ratio between the number of sugar and water molecules
1 to 5, 1 to 10 and 1 to 40, respectively. Due to the low solubility of D-galactose and L-sorbose
in water it was no possible to study those at c = 2/3 and 50 ◦C. The solubility of galactose is
≈ 47%wt compared to glucose with ≈ 70%.42 The fairly high sugar concentrations, which we
used in the experiment should make possible to compare the experimental results with simulations
in the future. To achieve a good statistics for the sugar molecules in the simulation it is necessary
to go to sufficiently high concentrations. To speed up the dynamic in the simulation it is also useful
to work at higher temperatures.
Figure 5 shows the mass diffusion, D, thermal diffusion, DT , and Soret coefficient, ST, of D-
glucose in water at 50 ◦C as function of concentration. All three coefficients decay with increasing
sugar content. The thermal diffusion coefficient of the high concentrated sugar solutions with c =
0.6667 is one order of magnitude smaller than for the low concentrated solution with c = 0.2. The
observed concentration dependence is similar for all sugar-water systems (c.f. Table 2), although
the ratio changes Ssugar1T /S
sugar2
T . For instance the ratio of ST of fructose and glucose increases from
1.5 to 2.9 by almost a factor of 2 by changing the concentration from c = 0.2 to c = 0.6667. The
physical reason might be that at higher concentrations the conformation of the sugar molecules is
more relevant for the fluid structure so that structural incompabilities result in a larger separation
of the sugars in a temperature gradient.
Mogi et al.43 measured the mass diffusion coefficients of different diluted aqueous sugar solu-
tions at various temperatures. The extrapolation of their mass diffusion coefficient of D-glucose at
50 ◦C is D = 1.23·10−9 m2s−1 while the linear extrapolation of our mass diffusion coefficient of
D-glucose to infinite dilution results in D= 1.21·10−9 m2s−1, which is in good agreement with our
data. Mogi et al.43 observed also a constant mass diffusion coefficient for diluted solutions of glu-
cose, mannose and galactose in water at constant temperature. The maximum deviation from the
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average was 3.8% in the temperature range from 0 ◦C to 80 ◦C. We come to the same conclusion
for glucose, mannose and fructose, if we compare the two sets of different mass concentrations of
c = 0.2 and c = 0.6667 at 50 ◦C.
Figure 5: Thermal diffusion, mass diffusion and Soret coefficients of D-glucose/water at 50 ◦C as
function of the weight fraction.
Figure 6 shows the experimentally determined Soret, mass diffusion and thermal diffusion co-
efficient as function of temperature for the system D-glucose/water at a sugar weight fraction of
c = 0.2. The mass diffusion coefficient increases in the investigated temperature range roughly by
a factor of two, which is mainly caused by the decrease of the viscosity with increasing tempera-
ture. The thermal diffusion coefficient DT increases roughly by a factor of six and ST increases in
accordance by a factor of three with temperature. We expect a similar behavior for the other sugars,
but due to the fact that the rigidity of the molecules becomes smaller at higher temperatures, the
conformational differences are partially overridden so that the thermal diffusion behavior might be
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more similar at high temperatures, but this needs to be studied in further experiments.
Figure 6: Thermal diffusion, mass diffusion and Soret coefficients of D-glucose/water with a sugar
weight fraction c = 0.2 as function of temperature.
As discussed in the previous section we found for the thermal diffusion coefficient DT of dif-
ferent sugars in water at the same temperature and concentration a linear dependence as function
of the ratio of the thermal expansion coefficient α and the kinematic viscosity ν (see Figure 4).
The same trend we observe for D-glucose in water as shown in Figure 7a comparing the results
at different temperatures at a D-glucose weight fraction of c = 0.2. Regarding the concentration
dependence we find deviations from the linear behavior as it was also observed for the different
sugars at a higher weight fraction of c = 0.67.
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Figure 7: Influence of the temperature on the thermal diffusion (a) and mass diffusion (b) coeffi-
cients of D-glucose/water with a sugar weight fraction of c = 0.2 as function of the ratio of the
thermal expansion coefficient α and the kinematic viscosity ν .
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Ternary mixture Water-Glucose-Mannose
We studied the ternary system D-glucose/D-mannose/water with a total sugar weight fraction of
c = 2/3 at 50 ◦C. The same weight fraction has also been studied for the binary systems D-
glucose/water, D-mannose/water and D-fructose/water. We have chosen the ternary system D-
glucose/D-mannose/water because the refractive index increments (∂n/∂T , ∂n/∂c) and the mass
diffusion coefficient are almost equal (see Table 1). We varied the mass ratio of the sugars in
the ternary system from 0 and 1, which corresponds with the binary systems D-mannose/water
and D-glucose/water, respectively. We prepared three ternary mixtures with sugar ratios (glu-
cose/mannose) of c=1:3, 1:1 and 3:1. The data of ST, D and DT are listed in Table 3. These data
can be considered as an average value of both sugars, D-glucose and D-mannose.
In the literature, a number of conflicting approaches exists for the description of thermal dif-
fusion coefficients in multicomponent mixtures.44–47 In general a ternary system can be described
using three different thermal diffusion coefficients. For our system these are two coefficients,
which describe the diffusion of the two sugars in water and one which describes the diffusion of
one sugar in the other. In the measurement signal we detected only one concentration mode, so
that we were not able to separate the signal into different contributions. Therefore, we determined
one averaged thermal diffusion coefficient, which is a weighted sum of the different sugars and
also their tautomers.
We found a linear dependence of the Soret coefficient, ST, as function of the mass ratio of
glucose to the total sugar content (c.f. Figure 8).
ST = (1.54±0.01)×10−3 K−1+
(−0.7±0.01)×10−3 K−1 ·
[
mglucose(
mglucose +mmannose
)
] (3)
In this paper we show that the Soret coefficient could also be used to determine the concentrations
of two sugars with the same molecular weight. On one hand, it is possible to determine the mass
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ratio between sugar and water by measuring the mass diffusion coefficient (c.f. Figure 5), and on
the other hand, the Soret coefficient gives the ratio between sugars (c.f. Figure 8). In principle, a
method such as the thermal field flow separation could be used to separate different tautomers, but
as in other methods the sugars in solution will readily change from one modification to another.48
Table 3: Thermal diffusion, mass diffusion and Soret coefficients of D-glucose/D-
mannose/water mixtures at a water weight fraction of c = 0.3333 and a total sugar weight
fraction of c = 0.6667. All measurements have been performed at T = 50 ◦C.
D-glucose mass ST D DTfraction from /10−3 K−1 /10−10 m2s−1 /10−13 m2s−1K−1
total sugar
0.25 1.36±0.04 2.52±0.08 3.44±0.21
0.5 1.20±0.02 2.45±0.09 2.94±0.11
0.75 1.01±0.02 2.51±0.06 2.55±0.11
Conclusion
In this work the thermal diffusion properties of aqueous solutions of monosaccharides are pre-
sented. The mass diffusion coefficient of the sugar is constant for a fixed concentration and tem-
perature, and for the selected sugars independent of the sugar in the considered concentration and
temperature range. Therefore, the molecular structure of the sugar does not affect the mass diffu-
sion.
On the other hand the ketohexoses have higher thermal diffusion and Soret coefficients than
the aldohexoses. It is complicated to find an explanation based on the molecular structure for
the differences in the Soret and thermal diffusion coefficients. Only for some sugars we found a
correlation between the thermal diffusion properties and the optical rotation. A clear correlation
we find between the thermal diffusion coefficient and the ratio of the thermal expansion coefficient
and the kinematic viscosity. Although we find only for the low concentration of c = 0.2 a linear
dependence we find at a higher concentration of c = 2/3 a clear decay of ST with (α/ν) with small
deviations from the linear behavior, which might be consequence of sugar–sugar interactions.
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Figure 8: Soret coefficient of the system D-glucose/D-mannose/water as function of the D-glucose
weight ratio to the total sugar content. The weight fraction of water is c = 1/3, the total sugar
weight fraction is c = 2/3. All measurements have been performed at T = 50 ◦C. The solid line
corresponds to a linear fit of ST as function of the sugar composition (c.f. Eq. 3).
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In the investigated range D, DT and ST increase with temperature and decrease with the sugar
content. The relative differences in the thermal diffusion and Soret coefficient for different sugars
become smaller for lower concentrations. The physical reason might be that the conformation of
the molecule is more important if less space is available for each molecules and a denser packing
is required.
From the studied ternary system, one can conclude that it could be possible to determine the
sugar concentrations in aqueous solutions by thermal diffusion measurements. From the mass
diffusion coefficient, one could determine the mass ratio between total sugar and water, and from
the Soret coefficient one could determine the concentration of each sugar.
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